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ABSTRACT 
 
 Soil tillage imposed different effects on soil properties. The aim of 
this study was to determine the effect of a long (LT)(> 40 years) and 
short – term (ST) (< 10 years) effects of conventional tillage in a sugar 
can grown in a vertisol on some soil properties as compared to native 
vegetation (NV). The tillage sequence was sub-soiling, smoothing by 
disc harrowing, leveling and ridging (every 4 – 5 years) and re-ridging 
annually. 
 The results showed that, weight of particulate of organic matter 
associated with sand particles (POM) in the LT (9.6 g kg-1) and ST (6.7 g 
kg-1) were significantly (P ≤ 0.007) higher than that reported in NV (2.1 
g kg-1). In the 0 – 10 cm soil depth tillage had no effect on total nitrogen 
(TN), organic carbon (OC) and bulk density (Bd). However, in the 10 – 
20 cm soil depth, significantly (P > 0.03) more N was incorporated in the 
LT tillage (0.46g kg-1) compared to NV and ST tillage (0.26–0.33g kg-1). 
In this depth (10 – 20 cm), LT tillage significantly (P < 0.01) decreased 
Bd from 1.8 (in ST) and 1.7 (in NV) to 1.5 g cm-3. In the third depth (20 
– 30 cm), TN and Bd were not affected while OC was significantly (P ≤ 
0.009) decreased from 4.9 (in NV) to 2.2 (in LT) and 1.7 g kg-1 (in ST). 
In the lower soil depth (30 – 40 cm), there seemed to be more 
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incorporation of OC (though not significant) in the LT compared to ST 
and NV. Therefore, more C and N were brought into the lower soil depth 
(particularly in the 10 – 20 cm depth) in LT. This might subject the soil 
under sugar cane production to degradation. It could be concluded that, 
in heavy textured soils under cane production in the dry tropics, soil 
degradation by tillage might not be a constraint if non-inverted tillage 
implements were used. This could possibly be attributed to physical 
protection of organic matter by the high clay content (> 52%).                    
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 ﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢ  
 ﺧﻼﺻﺔ اﻷﻃﺮوﺣﺔ
ﻫﺩﻓﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴـﺔ . ﺤﺭﺍﺜﺔ ﺍﻟﺘﺭﺒﺔ ﺘﺤﺘﻡ ﻭﺠﻭﺩ ﺘﺄﺜﻴﺭﺍﺕ ﻤﺨﺘﻠﻔﺔ ﻋﻠﻲ ﺨﺼﺎﺌﺹ ﺍﻟﺘﺭﺒﺔ  
ﺃﻗـل )ﻭﺍﻟﻤﺩﻱ ﺍﻟﻘﺼﻴﺭ (  ﻋﺎﻤﺎﹰ 04ﺃﻜﺜﺭ ﻤﻥ )ﺇﻟﻲ ﺘﺤﺩﻴﺩ ﺃﺜﺭ ﺍﻟﺤﺭﺍﺜﺔ ﺍﻟﻌﺎﺩﻴﺔ ﻋﻠﻲ ﺍﻟﻤﺩﻱ ﺍﻟﻁﻭﻴل 
ﻓﻴﻬﺎ ﻗﺼـﺏ ﺍﻟﺴـﻜﺭ ﺍﻟﺘﻲ ﻴﺴﺘﺯﺭﻉ ( lositrev)ﻋﻠﻲ ﺒﻌﺽ ﺨﺼﺎﺌﺹ ﺍﻟﺘﺭﺒﺔ (  ﺃﻋﻭﺍﻡ 01ﻤﻥ 
ﺍﻟﺘﻘﻠﻴﺏ ﺍﻟﺘﺤﺘﻲ ﻟﻠﺘﺭﺒﺔ : ﻜﺎﻥ ﺍﻟﺘﺭﺘﻴﺏ ﺍﻟﺘﻌﺎﻗﺒﻲ ﻟﻠﺤﺭﺍﺜﺔ ﻜﺎﻵﺘﻲ . ﻤﻘﺎﺭﻨﺔ ﺒﺎﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻲ ﺍﻟﻁﺒﻴﻌﻲ 
ﺜﻡ ﺇﻋـﺎﺩﺓ ﺍﻟﺘﺴـﺭﻴﺏ (  ﺴﻨﻭﺍﺕ 5 – 4ﻜل )، ﺍﻟﺘﻨﻌﻴﻡ ﺒﺂﻟﺔ ﺘﻤﻬﻴﺩ ﺍﻟﺘﺭﺒﺔ ، ﺍﻟﺘﺴﻁﻴﺢ ﺜﻡ ﺍﻟﺘﺴﺭﻴﺏ 
 .ﻤﻭﺴﻤﻴﺎﹰ
( MOP)ﺕ ﺍﻟﺭﻤل ﺃﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﻭﺯﻥ ﺩﻗﺎﺌﻕ ﺍﻟﻤﺎﺩﺓ ﺍﻟﻌﻀﻭﻴﺔ ﺍﻟﻤﺭﺘﺒﻁﺔ ﺒﺠﺴﻴﻤﺎ  
ﻤﻌﻨﻭﻴـﺎﹰ ( ﻜﺠﻡ/  ﺠﺭﺍﻡ 7.6)ﻭﻗﺼﻴﺭ ﺍﻟﻤﺩﻱ ( ﻜﺠﻡ/  ﺠﺭﺍﻡ 6.9)ﻓﻲ ﺍﻟﺤﺭﺍﺜﺔ ﻋﻠﻲ ﺍﻟﻤﺩﻱ ﺍﻟﻁﻭﻴل 
 (.ﻜﺠﻡ/  ﺠﺭﺍﻡ1.2)ﺃﻋﻠﻲ ﻤﻥ ﺘﻠﻙ ﺍﻟﺘﻲ ﻭﺠﺩﺕ ﻓﻲ ﺍﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻲ ﺍﻟﻁﺒﻴﻌﻲ ( 700.0 ≤ P)
ﻤﻥ ﺍﻟﺘﺭﺒﺔ ﻟﻴﺱ ﻟﻠﺤﺭﺍﺜﺔ ﺃﻱ ﺘﺄﺜﻴﺭ ﻋﻠـﻲ ﺍﻟﻜﻤﻴـﺔ ﺍﻟﻜﻠﻴـﺔ (  ﺴﻡ 01 – 0)ﺇﻨﻪ ﻓﻲ ﻋﻤﻕ  
ﻓﻲ ﺤﻴﻥ ﺃﻨﻪ ﻓﻲ (. dBﻭﻜﺫﻟﻙ ﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﻅﺎﻫﺭﻴﺔ ( CO)ﻭﺍﻟﻜﺭﺒﻭﻥ ﺍﻟﻌﻀﻭﻱ ( NT)ﻟﻠﻨﺘﺭﻭﺠﻴﻥ 
ﻤﻌﻨﻭﻴﺎﹰ ﻭﺠﺩﺕ ﻜﻤﻴﺔ ﺃﻜﺒﺭ ﻤﻥ ﺍﻟﻨﺘـﺭﻭﺠﻴﻥ ﻓـﻲ ﺍﻟﺘﺭﺒـﺔ ﺫﺍﺕ (  ﺴﻡ 02 – 01)ﻋﻤﻕ ﺘﺭﺒﺔ ﻤﻥ 
. ﻤﻘﺎﺭﻨﺔ ﺒﻤﺜﻠﻬﺎ ﻓﻲ ﺍﻟﺘﺭﺒﺔ ﺫﺍﺕ ﺍﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻲ ﺍﻟﻁﺒﻴﻌﻲ ( ﻜﺠﻡ/  ﺠﻡ 64.0)ﺍﻟﺤﺭﺍﺜﺔ ﻁﻭﻴﻠﺔ ﺍﻟﻤﺩﻱ 
ﻭﻓـﻲ ﻫـﺫﺍ (. ﻜﺠﻡ/  ﺠﻡ 33.0 – 62.0)ﻋﻠﻲ ﺍﻟﻤﺩﻱ ﺍﻟﻘﺼﻴﺭ ﻭﻜﺫﻟﻙ ﻓﻲ ﺍﻟﺘﺭﺒﺔ ﺫﺍﺕ ﺍﻟﺤﺭﺍﺜﺔ 
( 10.0 ≤ P)ﻓﺈﻥ ﺍﻟﺤﺭﺍﺜﺔ ﻁﻭﻴﻠﺔ ﺍﻟﻤﺩﻱ ﺘﻘﻠل ﻭﺒﺼـﻭﺭﺓ ﻤﻌﻨﻭﻴـﺔ (  ﺴﻡ02 – 01)ﺍﻟﻌﻤﻕ ﻤﻥ 
ﻓﻲ ﺍﻟﺘﺭﺒـﺔ ﺫﺍﺕ ( 7.1)ﻓﻲ ﺍﻟﺘﺭﺒﺔ ﺫﺍﺕ ﺍﻟﺤﺭﺍﺜﺔ ﻗﺼﻴﺭﺓ ﺍﻟﻤﺩﻱ ﻭ ( 8.1)ﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﻅﺎﻫﺭﻴﺔ ﻤﻥ 
ﻓـﺈﻥ (  ﺴـﻡ 03 – 02)ﻕ ﺍﻟﺜﺎﻟﺙ ﻤﻥ ﻭﻓﻲ ﺍﻟﻌﻤ (. 3ﺴﻡ/  ﺠﻡ 5.1)ﺍﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻲ ﺍﻟﻁﺒﻴﻌﻲ ﺇﻟﻲ 
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ﺍﻟﻨﺘﺭﻭﺠﻴﻥ ﺍﻟﻜﻠﻲ ﻭﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﻅﺎﻫﺭﻴﺔ ﻟﻡ ﺘﺘﺄﺜﺭ ﺒﺎﻟﺤﺭﺍﺜﺔ ﺒﻴﻨﻤﺎ ﺍﻟﻜﺭﺒﻭﻥ ﺍﻟﻌﻀﻭﻱ ﻗـلﱠ ﺒﺼـﻭﺭﺓ 
ﻓﻲ ﺍﻟﺤﺭﺍﺜﺔ ﻁﻭﻴﻠـﺔ ( 2.2)ﻓﻲ ﺍﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻲ ﺍﻟﻁﺒﻴﻌﻲ ﺇﻟﻲ ( 9.4)ﻤﻥ ( 900.0 ≤ P)ﻤﻌﻨﻭﻴﺔ 
 .ﻓﻲ ﺍﻟﺤﺭﺍﺜﺔ ﻗﺼﻴﺭﺓ ﺍﻟﻤﺩﻱ( ﻜﺠﻡ/  ﺠﻡ7.1)ﺍﻟﻤﺩﻱ ﻭ 
ﻭﺠﺩ ﺃﻥ ﻜﻤﻴﺔ ﺃﻜﺒﺭ ﻤﻥ ﺍﻟﻜﺭﺒﻭﻥ ﺍﻟﻌﻀﻭﻱ ﻤﻨﺩﻤﺠـﺔ (  ﺴﻡ 04 – 03)ﻭﻓﻲ ﺍﻟﻌﻤﻕ ﻤﻥ  
ﻓﻲ ﺍﻟﺘﺭﺒﺔ ﺫﺍﺕ ﺍﻟﺤﺭﺍﺜﺔ ﻁﻭﻴﻠﺔ ﺍﻟﻤﺩﻱ ﻤﻘﺎﺭﻨﺔ ﺒﺘﻠﻙ ﺍﻟﺘﻲ ﻭﺠﺩﺕ ﻓﻲ ﺍﻟﺘﺭﺒﺔ ﺫﺍﺕ ﺍﻟﺤﺭﺍﺜﺔ ﻗﺼﻴﺭﺓ 
 . ﺍﻟﻤﺩﻱ ﻭﻜﺫﻟﻙ ﻓﻲ ﺍﻟﺘﺭﺒﺔ ﺫﺍﺕ ﺍﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻲ ﺍﻟﻁﺒﻴﻌﻲ ﺒﺎﻟﺭﻏﻡ ﻤﻥ ﻋﺩﻡ ﺍﻟﻤﻌﻨﻭﻴﺔ
ﺘﻘﻠﺕ ﺇﻟﻲ ﺍﻟﻌﻤﻕ ﺍﻷﺴﻔل ﻤﻥ ﺍﻟﺘﺭﺒـﺔ ﻭﻋﻠﻴﻪ ﻓﺈﻥ ﻜﻤﻴﺔ ﺃﻜﺒﺭ ﻤﻥ ﺍﻟﻜﺭﺒﻭﻥ ﻭﺍﻟﻨﺘﺭﻭﺠﻴﻥ ﺇﻨ  
ﻭﻫﺫﺍ ﻴﻌﺭﺽ ﺍﻟﺘﺭﺒﺔ ﺍﻟﻤﻨﺘﺠﺔ ﻟﻘﺼﺏ ﺍﻟﺴـﻜﺭ (.  ﺴﻡ 02 – 01ﻋﻠﻲ ﻭﺠﻪ ﺍﻟﺨﺼﻭﺹ ﻓﻲ ﻋﻤﻕ )
 : ﻟﻠﺘﺩﻫﻭﺭ ﻭﻴﻤﻜﻨﻨﺎ ﺃﻥ ﻨﺴﺘﻨﺘﺞ ﺍﻵﺘﻲ
ﻓﻲ ﺍﻟﺘﺭﺒﺔ ﺍﻟﺜﻘﻴﻠﺔ ﺍﻟﻤﻨﺘﺠﺔ ﻟﻘﺼﺏ ﺍﻟﺴﻜﺭ ﻓﻲ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﺠﺎﻓﺔ ﻓﺈﻥ ﺘﺩﻫﻭﺭ ﺍﻟﺘﺭﺒﺔ ﺒﺎﻟﺤﺭﺍﺜﺔ  
ﺤﺭﺍﺜﺔ ﺍﻟﺘﻲ ﻻ ﺘﻘﻠﺏ ﺍﻟﺘﺭﺒﺔ ﻭﻫﺫﺍ ﺭﺒﻤﺎ ﻴﻌﺯﻱ ﺇﻟﻲ ﺍﻟﺤﻤﺎﻴﺔ ﺭﺒﻤﺎ ﻟﻥ ﻴﺤﺩﺙ ﺇﺫﺍ ﺘﻡ ﺇﺴﺘﺨﺩﺍﻡ ﺁﻟﻴﺎﺕ ﺍﻟ 
 %.              25ﺃﻜﺜﺭ ﻤﻥ ( ﺍﻟﺼﻠﺼﺎل)ﺍﻟﻁﺒﻴﻌﻴﺔ ﻟﻠﻤﻭﺍﺩ ﺍﻟﻌﻀﻭﻴﺔ ﻹﺤﺘﻭﺍﺌﻬﺎ ﻋﻠﻲ ﻨﺴﺒﺔ ﻋﺎﻟﻴﺔ ﻤﻥ ﺍﻟﻁﻴﻥ 
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CHAPTER ONE 
INTRODUCTION 
 
 Tillage is one of the fundamental practices of agricultural 
management. It is the procedure by which man disturbs, overturns, 
rearranges the soil and is aimed to create favourable physical conditions 
for crop growth (Klute, 1982). Appropriate practices are those that avoid 
the degradation of soil properties but maintain crop yield as well as 
ecosystem stability (Lal, 1981). However, the practice is not without its 
problems. It has been realized that soil compaction caused by tractor 
may have adverse effect upon crop yield. Moreover, as fuel cost has 
risen the economic viability of repeated tillage operations is 
questionable.   
 In Sudan, sugar cane (Saccharum officinarum L.) is considered as 
an important cash crop because it increases the national income. 
Therefore, its production is important for both farmers and government. 
Because sugar cane is a highly mechanized crop, soil properties under its 
cultivation may change during land preparation, planting, others 
practices and particularly during harvesting operation where compaction 
may occur. 
 Increasing compaction loads increased the sensitivity of soil. 
Sugar cane residues were effective in reducing compactibility of 
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cohesive soil through increasing the content of organic matter (Burzegar 
et al., 1999). It is well known that tillage operations are effective role in 
seedbed preparation, weed control, mixing fertilizer in the soil, 
improving soil aeration, alleviating compaction and optimizing soil 
temperature and moisture regimes. However, the choice of tillage 
practices depend on soil, climatic crop and socio-economic factors (Lal, 
1980).  
 Different tillage operations affect the physical properties of the 
soil such as water content, bulk density, penetration resistance and soil 
porosity. Soil tillage imposed different effects on soil physical 
properties. For example, Varques et al. (1991) observed an increase in 
soil bulk density with no-tillage while Ismail et al. (1994) found no 
significant differences is bulk density between no-till and mould board 
plowing.  
 Conservation tillage is a practice that retains at least 30% cover of 
crop residues on the soil surface after planting (Anon, 1986). 
Conservation tillage has been shown to increase soil water-holding 
capacity (Lawrence, et al., 1994). The primary reason for the promotion 
and adoption of conservation tillage systems is to control soil erosion 
and water conservation benefits (Unger et al., 1988).  
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 Earlier research work showed that tillage lossen the soil and 
decreases soil bulk density and penetration resistance by increasing soil 
macro porosity (Hill et al. 1985).  
Tillage had a significant increase on grain yield, mass of leaves 
and stems, root length density and number of pods per plant (Olaoye, 
2002).  
 Soil quality is defined as the capacity of a specific kind of soil to 
function, within natural or managed ecosystem boundaries, to sustain 
plant and animal productivity, maintain or enhance water and air quality 
and support human health and habitation (Karlen et al., 1997).  
 However, Doran and Parkin (1994) reported that this quality is an 
integration of soil processes and provides a measure of change in soil 
condition as related to factors such as land use, climate patterns, 
cropping sequences and farming system.  
 Thus, soil quality can not be measured directly, but must be 
inferred from measuring changes in its attributes or the attributes of the 
ecosystem, referred to as indicator. 
 The indicators of soil quality should give some measure of the 
capacity of the soil to function with respect to plant and biological 
productivity, environmental quality and human and animal health. They 
should also be used to assess the changes in soil function within land use 
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or ecosystem boundaries (Seybold et al., 1997). In Sudan there is a little 
information on incidence of long (more than 40 years) and short (less 
than 10 years) term tillage on soil quality parameters in sugar cane 
plantation.  
 Therefore, the main objective of this study is to determine the 
effect of long and short term tillage operations on soil quality measured 
as some chemical and physical properties on sugar cane plantation.  
The objectives were to determine the followings: 
1. Soil physical properties such as infiltration rate, bulk density, 
particle density, soil organic matter size fractions associated 
with sand particles (Termed as particulate organic matter POM 
and porosity). 
2. Soil chemical properties such as organic carbon content and 
total nitrogen.  
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CHAPTER TWO 
LITERATURE REVIEW 
 
2.1. Conservation tillage: 
2.1.1. Definition:  
 The aim of tillage is to create a soil environment favourable to 
plant growth (Klute, 1982). Earlier researchers defined tillage as 
physical, chemical or biological soil manipulation to optimize condition 
for germination seedling establishment and crop growth (Lal, 1983).  
 In addition, appropriate tillage practices are those that avoid the 
degradation of soil properties but maintain crop yield as well as 
ecosystem stability (Lal, 1981b).  
 Conservation tillage provides the best opportunity for halting 
degradation and for restoring and improving soil productivity (Lal, 1983 
and Parr et al., 1990). The primary reason for the promotion and 
adoption of conservation tillage in many regions is to control erosion 
tillage which results not only from relatively aggressive tillage operation 
such as Moldboard and Chisel, but also from secondary operations which 
contribute significantly to soil displacement (Muysen and Gover, 2002).  
 Conservation tillage has been defined as tillage and planting 
systems that retains at least a 30% cover of crop residues on soil surface  
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after planting (Anon, 1986). By most definitions, it embraces crop 
production systems involving the management of surface residues 
(Unger et al., 1988 and Parr et al., 1990). Antap and Angen (1990) 
reported that retaining crop residues on the soil surface with 
conservation tillage reduces evapotranspiration, increases infiltration rate 
and suppresses weed growth. The reason for current interest in 
conservation tillage varies from soil to soil, crop to crop and from one 
agro-ecological region to another. Conservation tillage contributes to 
reduction in surface run-off due to increase of soil macroporosity 
(Shipitalo, et al., 2000).  
 One major reason is its effectiveness for controlling erosion, witch 
links with  water conservation benefits, not only in semi-arid and sub-
humid regions but also in humid regions (Unger et al., 1988).  
 Conservation tillage significantly increase the content of organic 
carbon due to absence of excess tillage farming systems (Carter and 
Sanderson, 2001).  
2.1.2. Types of conservation tillage system: 
 Conservation tillage as defined by the Conservation Tillage 
Information Center (CTIC) excludes conventional tillage operations that 
invert the soil and bury crop residue.  
The CTIC identified five types of conservation tillage systems:    
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i. No-tillage. 
ii. Mulch tillage.  
iii. Strip (zonal) tillage.  
iv. Ridge tillage.  
v. Reduced (minimum) tillage.  
2.1.2.1. No-tillage:  
 The no-tillage system is a specialized type of conservation tillage, 
consisting of one-pass planting and fertilizer operation in which the soil 
and the surface residues are minimally disturbed (Parr, et al., 1990). 
 The surface residues of such a system are of critical importance 
for soil and water conservation. However, weed control is generally 
achieved with herbicides or in some cases with crop rotation.   
 According to Lal (1983), no-tillage systems eliminate all 
preplanting mechanical seedbed preparation except for the opening of a 
narrow (2 – 3cm wide) strip or small hall in the ground for seed 
placement to ensure adequate seed/soil contact. 
 No-tillage is commonly advocated as a preferred cropping system 
to conventional multi-cultivation practices. It is particularly attractive on 
clay soils, to minimize compaction and induce natural structure 
formation through Shrink-swell cycles.  
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 Increases in soil water storage and increased number of soil fauna 
with no-tillage have been reported, for example infiltration rate, and total 
infiltration were all significantly grater in no-tillage than in traditional 
tillage (McGarry, et al., 2000). No-tillage is used in mechanized wheat 
farming in Northern Tanzania and for some perennial crops such as 
coffee plantation (Antapa and Angen, 1990). 
 The no-tillage system of cultivation with crop residue mulches 
forms a basis for conservation farming because it conserves water, 
prevents erosion, maintain organic matter content at high level and 
sustain economic productivity. In addition, there is saving in machinery 
investment and in the time required for seedbed preparation (Green-land, 
1981). 
 Several studies (Unger et al., 1988 and Parr, et al., 1990) reported 
the success of no-tillage systems in many parts of USA. Under no-tillage 
an increase of soil total organic and total nitrogen  (TN) concentration 
occurred when compared with conventional tillage (Bayer et al., 2000). 
No-tillage fallow sometimes referred to as chemical fallow, is a type of 
no-tillage system. A major goal of fallowing is to recharge the soil 
profile with water so that the risk of failure for the next crop is greatly 
reduced (Unger et al., 1988).  
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 According to Parr et al. (1990), the potential benefits of no-tillage 
fallow compared with other tillage systems, are more effective control of 
soil erosion, increased water storage, lower energy costs per unit of 
production and higher grain yields.              
2.1.2.2. Reduced (minimum) Tillage: 
 This type covers other tillage and cultivation systems which are 
not covered previously  but  meets  the 30%  residue  requirement  
(Laryea et al., 1991). In Africa, the term minimum tillage is not always 
employed with the same meaning as in temperate countries, and may 
also be used differently in the different contexts of shifting cultivation 
(still dominant in a number of African countries ) and mechanized 
Agriculture (Ahn and Hintze, 1990).  
 Shallow ploughing seems to be the best reduced tillage system. It 
has several advantages. The main factor determining the shallow 
ploughing depth is to control weeds especially perennials (Kouwenhoven 
et al., 2002).  
 Recently, Guy and Cox (2002) reported that reduced tillage 
increased both residue ground cover and yield. 
 Yield increase was attributed to increase in organic matter and 
better water storage. It was found that reduced tillage by spring tine 
cultivar is less costly and results in lower losses of water by runoff. 
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Thus, leaving more water available for crop (Dimache and Hoogmoed, 
2002).   
Moreover, minimum tillage in conjunction with crop residue 
mulch improves soil quality and sustain/improve crop production 
(Ghuman and Sur, 2001). Also, minimum tillage results in better residue 
cover than conventional tillage as it was observed to reduce 
susceptibility to wind erosion (Hao et al., 2000).       
2.1.2.3. Mulch Tillage:  
 Mulch tillage techniques are based on the principle of causing the 
least soil disturbance and leaving the maximum of crop residue on the 
soil surface. At the same time it causes quick germination, adequate 
stand and satisfactory yield (Lal, 1986).  
2.1.2.4. Strip (zonal) Tillage:  
 The concept of strip (zonal) tillage is described by Lal (1983). The 
seedbed is divided into a seedling zone and a soil management zone. The 
seedling zone (5 – 10cm wide) is mechanically tilled to optimize the soil 
and microclimate environment for germination and seedling 
establishment. 
 The inter row zone is left undisturbed and protected by mulch. 
Strip tillage can also be achieved by chiseling in the row zone to assist 
water infiltration and root proliferation.  
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2.1.2.5. Ridge Tillage:  
 In this system, the soil is left undisturbed prior to planting but 
about one-third of the soil surface is tilled at planting with sweeps or row 
cleaners. Planting of row crops is done on performed cultivated ridges. 
Ridge tillage has been gaining popularity as a conservation practice for 
maize and soybean production. (Parr, et al. 1990) weeds on the other 
hand are controlled by herbicides. The availability of suitable herbicides 
that will effectively control a wide range of weed species has become the 
major stimulus and interest in conservation or no-tillage systems. 
However, it is generally agreed that crop rotation or crop sequences can 
also help in minimizing weed control problems in the conservation 
tillage systems. 
2.1.3. Conservation tillage and weed:  
2.1.3.1. Weed infestation:  
 One of the primary reason for tillage is to control weeds.  Several 
studies have indicated that conservation tillage has caused an increase in 
density of perennial weeds, native grasses and broad leaf plants that are 
not normally weeds in cultivated yield (Dongahy, 1980).  
 Conservation tillage. However, can be expected to favour 
rhizomatous, staloniferous, and to lesser extent tap-rooted perennial 
weed (Hammerton, 1969).  
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 Conservation tillage can either decrease or increase the density of 
annual weeds depending on the species. There are summer and winter 
weeds that readily germinate on or near the soil surface in minimum or 
no-tillage system (Fay, 1990).  
 In no-tillage system, perennial weeds such as quick grass tend to 
remain in patches and are spread naturally by vegetative growth or seed 
dispersal (Pollard and Cussan, 1976). In general, in-crop weed control 
practices are similar for crop grown under conservation or conventional 
tillage system. 
2.1.3.2. Weed control:  
Control of perennial weeds often requires multiple tillage 
operation to reduce the energy reserve in the roots or other storage 
oranges (Holm et al., 1986).  
A) No-tillage:  
 The no-tillage concept started with corn (Zea mays L.) as a major 
crop with atrazine applied at corn planting and no cultivation was needed 
for the remainder of the growing season. Atrazine becomes the 
foundation or standard herbicide for weed control in no-tillage research. 
Then it was followed by the introduction of paraquat, alachlor, 
metalachlor to improve weed control. These were later followed by the 
introduction of Glyphosate which is a non selective, trans-located 
 26
herbicide with no soil residual use in no tillage and minimum tillage 
system (Unger, 1994). 
B) Ridge tillage:  
 Ridge tillage is a weed management system that involves tillage, 
herbicide, competitive crop, and the physical movement of weed seeds 
away from the crop rows.  
 It is especially suited for crops grown using gravity irrigation 
because furrows are needed for irrigating row crops (Unger, 1994). 
C) Mulch tillage: 
 Mulch tillage is a limited operation generally associated with row 
crops such as corn, sorghum and soybean. The seedbed is prepared by 
using a disc plow, field cultivator, or chisel plow. Herbicide can be 
applied after crop pre-emergence. 
 These systems include surface tillage and herbicides. The type of 
tillage used and the number of passes made depends on the type and 
amount of crop residue, soil type and slope (Unger, 1994).         
2.1.4. Crop adaptability to conservation tillage: 
 The adoption of conservation tillage systems can be related to the 
successful production of crops in the absence of conventional tillage. 
Early researchers reported that minimum and no-tillage seedlings often 
produced lower yield than those obtained with conventional tillage.  
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The lower yields were attributed to a variety of factors such as improper 
seedling equipment and management skill (Benoit et al., 1987), lower 
temperature of the soil seedbed (Gauer et al., 1982) and change in soil 
microbial status (Campbell et al., 1982). Establishing an adequate crop 
stand is considered to be of critical importance in the success of 
minimum-tillage seeding system (Lafond et al., 1990)  
 Seedling planters that do not provide adequate seed-soil contact 
while maintaining the desired seeding depth for a specific crop increase 
the opportunity of crop failure (Deibert et al., 1990).  
 Moreover, standing stubble was found to reduce net radiation, soil 
temperature  compared  to  complete  removal  of  crop  residues  (Gauer 
et al., 1982).      
2.1.5. Conservation tillage and plant disease:  
2.1.5.1. Disease incidence:  
 Spring or fall moldboard plowing is the most common tillage in 
temperate climates. It is an important plant disease control method, 
because it destroys crop residues by burying, effectively reducing, or 
eliminating the inoculum source of some plant pathogens (Dickey et al., 
1986).  
 Tillage practices both directly and indirectly affect plant diseases 
manipulating  the soil and directly affect the physical and chemical 
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properties of the soil, the soil environment, plant growth, population of 
vector of plant pathogens and survival and viability of plant pathogens 
(Summer et al., 1986). Indirectly, they may alter cropping practices such 
as fertilizer application, weed control, planting method and date. These 
may shift populations of soil micro-organisms associated with 
rhizosphere of crop residue (Summer et al., 1986). 
 There are some early season diseases closely associated with 
conservation tillage because a lack of tillage may concentrate the 
pathogen in the plowed layer or root zone (Bergstorm, 1983). However, 
leaving most of the crop debris and soil borne pathogens such as 
Rhizoctonia solani kuhn in the root zone can lead to poor stands because 
seedling tissues may be infected shortly after emergence (Summer et al., 
1986). Plowing or disking moves the energy source and the pathogen 
away from crowns and roots (Dickey et al., 1986). Conversely, some 
tillage operations may spread pathogens inoculum from isolated toci 
along rows or over the entire field (Palti, 1981).  
 It was pointed out that surface residue may provide a habitat for 
survival, growth and multiplication of foliar pathogens (Summer et al., 
1986). Minimum and no-tillage contribute to establishment and spread of 
tan spot of wheat caused by pyronophora Triticirepentis (Hostord, 1976).  
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 Septoria nodorum Blotch is more severe in continuous wheat 
under minimum or no-tillage compared to conventional tillage. The 
opposite was noted for septoria Tritici (Suffon et al., 1990). It is widely 
accepted that tillage appeared to improve soil structure and aeration, 
which enhanced root development and facilitated nematode migration. 
 Contradictory  results  were  also  reported.  In  this  context,  
Tyler et al., (1987) revealed that cyst counts were much lower in long 
term no-tillage compared to either conventional tillage or short term no-
tillage treatment. Minimum or no-tillage produces a cooler, wetter 
rhizosphere environment that favours there soil borne fungal vectors. 
 Thus, residues may, by keeping soils wetter and cooler, indirectly 
contribute to increase levels of inoculum for certain viruses (Unger, 
1994).              
2.1.5.2. Disease control: 
 The control of plant diseases associated with conservation tillage 
can be accomplished by a variety of means without significantly 
increasing production costs. These means involve basic disease and crop 
management principles, including the use of disease resistant cultivars, 
seed certification, insect and weed control, fungicides application, crop 
rotation and tillage rotation (Wackin et al., 1986).  
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 To reduce the spread out of disease in conservation tillage it is of 
paramount to rotate tillage system. Inclusion of tillage rotation with crop 
rotation is an excellent disease management method.  
 This could be done in order to allow retention of 20 – 30% residue 
cover while enhancing decomposition of the residue to reduce pathogen 
inoculum contained in the residue (Unger, 1994).        
2.1.6. Effect of conservation tillage, soil properties and crop yield:  
 Several studies have shown that no-tillage systems with crop 
residues may have positive effects on the crop-soil system through: 
a. Maintaining the productivity of upland soil by reducing 
erosion (Lal, 1981).  
b. Maintaining a favourable soil temperature (Hulugalle et al., 
1985).  
c. Improving water retention capacity (Aina, 1979).  
d. Improving water use efficiency (Osuji, 1984).  
e. Increasing nutrient use efficiency (Hulugalle et al., 1985).  
 In addition no-tillage minimizes compaction and increases 
infiltration rate (McGarry et al., 2000). No-tillage system increases the 
total organic carbon and nitrogen content in the soil due to the increased 
amount of retained undisturbed plant residues (Bayer et al., 2000).  
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 Minimum tillage in conjunction with crop residue mulch improve 
soil quality and sustain improve soil production (Ghuman and Sur, 2001) 
 Rockwood and Lal (1974) reported that a thin layer (1 – 2cm) of 
dead crop residue on soil surface of no-tillage decreases soil temperature 
and improves soil moisture contents. It was also observed that biological 
(e.g. earth worms) activity was stimulated by more favourable water and 
temperature regimes in no-tillage than in conventionally tilled soil.  
 Conservation tillage involving the management of surface residues 
prevent soil degradation process and restores and improves soil 
productivity (Lal, 1985). Major goals of conservation tillage are 
improved maintenance of surface residue for erosion control and 
efficient water conservation in different agro-ecological region (Unger, 
1994). Conservation tillage significantly increased the content of organic 
carbon due to use of no excessive tillage farming system (Carter and 
Sanderson, 2001). In general, conservation tillage reduces 
evapotranspiration, increases infiltration rate and suppresses wood 
growth (Antap and Angen, 1990).  
2.2. Conventional tillage systems:  
2.2.1. Traditional tillage:  
 In the humid and sub humid regions of west Africa and in some 
parts of south America, traditional tillage is practiced mostly by manual 
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labour, using native tools which are generally few and simple. The most 
important tools are being the cutlass and hoe which come in many 
designs depending on there function . 
 However, to facilitate seedbed preparation and planting, forest 
seedling under growth or grass are cleaned with cutlass while trees and 
shrubs left. Pruned the cut biomass and residues are disposed of by 
burning in situ. such type of cleaning is non-exhaustive, leaving both 
appreciable cover on the soil and the root system which gives the top soil 
structural stability for one or two year (Aina et al., 1991). McGarry et 
al., (2000) reported that infiltration rate and total infiltration were all 
significantly lower in traditional tillage than in no tillage, because no 
tillage had an abundance of apparently continuous soil pores from the 
soil surface to depth.    
 In contrast, traditional tillage had a high density surface crust and 
significantly larger soil structure units than no tillage. Also there is a 
high number of earth worms and termites which are a major contributors 
to increases in hydraulic conductively and infiltration, and also because 
traditional tillage had the greater volume of pore < 1.5mm. where as no 
tillage had greater volume of the largest pore size measured (1.5–3mm).   
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 Bayer et al., (2000) reported that under traditional tillage a 
decrease of total organic carbon and total nitrogen occurred compared to 
no-tillage system.        
2.2.2. Mechanized systems:  
 These involve the mechanical soil manipulation of an entire field, 
by plowing followed by one or more harrowing. The degree of soil 
disturbance depends on the type of implement used, the number of 
passes, soil and intended crop type (Opara-Nadia, 1990).      
2.3. Effect of conventional tillage on soil properties:  
 Tillage systems affect the soil physical and chemical environment 
in the soil. Tillage practices change soil water content, temperature, 
aeration and the degrees of mixing of crop residues within the soil 
matrix. These changes in soil physical environment affect soil 
organisms. Larger organisms in general appear to be more sensitive to 
tillage operation than smaller organism due to physical disruption of soil, 
burial of crop residue and the change in soil water and temperature 
resulting from residue incorporation (Kladivko, 2001). Also, according 
to Voorhess and Lindstrom (1984) changes in soil physical properties 
might be expected to develop slowly after the initiation of conservation 
tillage.   
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2.3.1. Soil physical properties: 
2.3.1.1. Bulk density:  
 Tillage loosens  the soil and decreases soil bulk density and 
penetration resistance by increasing soil macro-porosity (Hill et al., 
1985). Compaction results in decreased air filled porosity (Macro-
porosity) of surface soil and contributes to higher bulk density and more 
dense soil under no-tillage than under moldboard plowing (Blevins et al., 
1984). In contrast, Ismail et al. (1994) found no significant bulk density 
differences between no-till and moldboard plowing in the 0 – 5cm soil 
layer.  
 In long-term studies of different tillage systems, Varquez et al. 
(1990) observed an increase in bulk density with no-tillage. After a two 
year study Cassel et al. (1995) found bulk densities of 1.56, 1.48 and 
1.46 g/cm3 in of no-tillage, chisel plow, moldboard plow, respectively. 
The study also reported significantly an increase in bulk density with 
depth in all tillage treatments. 
 After 28 years Mahboubi et al. (1993) detected a higher bulk 
density in no-tillage compared with moldboard plowing of silt loam soil. 
In addition higher bulk densities were also observed in no tillage  
compared with moldboard plow tillage in silt loam in Maryland 
(USA)(Hill, 1990). However, contradictory results were also reported.  
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Edward et al. (1992) in Albama (USA) found that no-tillage significantly 
decreased the soil bulk density compared with moldboard plow tillage, 
as a result of accumulation of organic matter.  
 Bulk density increase in the tilled soil was attributed to the grazing 
of crop residues but did not significantly changes in soils under 
continuous no-tillage (Diaz-Zorita et al. 2002). 
 Bulk density is affected by plowing treatments directly and 
indirectly. Direct effect of plowing soil is pulverized, distributed and its 
volume increase at which the bulk density is decreased. Indirect effect of 
plowing happens when heavy machinery and equipment pass over that 
soil and compacts it, its bulk density is hence increased (Al-tahan et al. 
1992).           
2.3.1.2. Infiltration rate:  
 The structural changes brought by tillage also affect the 
hydrological properties of the soil in a variety of ways. Increased surface 
roughness, following primary tillage operations lead to greater surface 
storage of rain and hence reduces the probability of overland flow. It also 
enables infiltration to continue for longer time (Reid, 1979).  
 The loosening influence of tillage induces infiltration by providing 
a surface zone containing larger pores which can accept and transport 
water more rapidly. However, the development of plough-pan may 
 36
greatly reduce drainage from the top soil and cause water logging. This 
is by preventing the rapid removal of the gravitational water which may 
have repercussion on the rate of infiltration (Briggs and Courtney, 1985).  
 Conservation tillage has been shown to increase water holding 
capacity. In Australia, Lawerence et al. (1994)  reported 8.6, 3.9 and 4.0 
cm of water accumulation in no-tillage, reduced tillage (chiseled 1-3 
times), and conventional till (chiseled 6-8 times) respectively in the 10 to 
18cm soil layer of a sandy clay loam soil. 
 Conservation tillage contributes to reduction in surface runoff due 
to increase of soil macro-porosity (Shipitalo et al. 2002). Due to 
improved water cutry of the soil surface, infiltration rates were all 
significantly  greater  in no – tillage than in traditional tillage (McGarry 
et al. 2000).       
 A study was carried out by Dimache and Hoogmoed (2002) to 
investigate the effect of soil tillage operations on water infiltration. Two 
systems of seedbed preparation on silty clay soil were compared, mainly; 
traditional disc harrow (cover crop) versus reduced tillage using a spring 
tine cultivar. The study showed that, the disc harrow causes excessive 
pulverization and seal formation under rainfall. Water infiltration, on the 
other hand, was not hindered by plow sole formation or subsoil 
compaction. 
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 It is suggested that reduced tillage by the spring tine cultivars 
results in lower losses of water by runoff, thus, leaving more water 
available for the crop. Minimum tillage in conjunction with crop residues 
mulch improves soil quality in term of infiltration water sustain / 
improve crop productivity (Ghuman and Sur, 2001).  
 Therefore, no-tillage soil presents higher infiltration rate than 
conventional tillage (Bissett and O'leary, 1996). This difference is 
explained by the continuity of soil macropores network, especially root-
induced and earth worms macropores.  
2.3.2. Soil chemical properties:  
 Tillage improves soil aeration that encourages oxidation which 
results in the conversion of compound to less soluble oxidation forms, 
(e.g. Fe2+ to Fe3+). 
 The loss of organic compound leads to reduced cation retention by 
the soil and decreased cation exchange capacity (CEC). Thus, it may 
lead to marked reduction, in the quantity of plant – available nutrients in 
the soil (Briggs and Courtney, 1985).  
2.3.2.1. Nitrogen content:  
 Many studies explained the way in which soil nitrogen content 
declines under continuous arable cultivation, unless replenished by 
fertilizer due to reduced  faunal activity and the reduced retention in the 
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organic component of the soil. In addition, nitrofication may be inhibited 
by machinery compaction because of the creation of anaerobic 
conditions within the pore system (Briggs and Courtney, 1985). 
 Soil mineral nitrogen levels under no-tillage production are 
general lower than those in conventional tilled soils, due to lower rates of 
nitrogen mineralization and higher soil moisture. Consequently, fertilizer 
nitrogen requirement may be higher under no-tillage (Sarrantionio and 
Scott, 1988). 
 Furthermore, leaching of No3- may be deeper under no-tillage than 
conventional tillage (Eck and Jones, 1992). Soil water leachates were 
found to contain higher No3- concentration in conventional tillage than in 
no-tillage systems (Randall and Iragavarapa, 1995).  
 Harrowing had only a miner effect on the crop nutrient status 
(Steinmann, 2002). Under no-tillage, an increase of soil total nitrogen 
concentration occurred when compared with conventional. Tillage due to 
increased amount of crop residue retention and also tillage enhances 
decomposition of organic matter and loss of nitrogen (Bayer et al. 2000).                          
2.3.2.2. Soil organic matter (SOM):  
 Soil organic carbon is often chosen as the most important indicator 
of soil quality because of its impact on the other physical, biological and 
chemical indicators of soil quality (Reeves, 1997).   
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 It is generally recognized that greater organic matter in soil layer 
can improve soil structure (Salih, et al. 1998), and increase water 
infiltration rate (Jones et al. 1994) and can alter nutrient availability to 
plant (Fattah and Upadhyaya, 1996), as well as increases the presence of 
earth worms and their distribution in the soil profile.  
 Soil organic matter (SOM) plays a major role in agriculture 
through its contribution to nutrient cycling and to stabilization of soil 
structure. Soil management has a preponderant effect on levels of soil 
organic matter. For example, Anonymous (1990) reported that more half 
of agricultural soil under potatoe, corn and cereal monoculture has 
significantly lower amounts of organic matter than adjacent soil under 
perennial forage. 
 A study by Cambel et al. (1991) had shown that both rotations 
with legumes and reduced tillage practices can maintain or even increase 
the amount and the quantity of organic matter in soil. Soil  organic 
carbon is sensitive to tillage. The content of SOC in the 0–15 cm layer in 
the annually–tilled by (Moldboard MB) and chisel decreased slightly 
with years (Clapp et al. 2000).  
 The reduction in organic carbon content under continuous arable 
cultivation was attributed mainly to the lower return of plant material 
from cereal or root crops compared to grass. Nevertheless, there is 
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evidence that tillage does  help to reduce  the contents of organic matter 
(Briggs and Courtney, 1985).  
 Tillage practices had  significant effect on organic carbon. In the 
top soil layer (0–0.75cm), organic carbon content was 20% higher in the 
conventional and no-tillage than in moldboard plows. In the second soil 
layer (7.5–15cm) the organic carbon content under conventional plowing 
was 18% higher than in moldboard plow and 8% higher than no-tillage. 
Compared with the conventional moldboard plow, reducing tillage depth 
and intensity can result in both a reduction of organic matter (loss by 
oxidation) and erosions. 
 The net effect is that conservation tillage can contribute to either 
an increase in soil organic matter in cultivated soil or maintenance of 
organic matter in higher carbon soil such as grass land soil (Doran, 
1980). The amount of original carbon mineralization under no-tillage 
was lower than under conventional tillage because of low content of 
nitrogen in no-tillage to enhance mineralization of carbon (Balesdent et 
al. 1990).                
2.3.3. Soil biological properties:  
 Tillage systems affect the soil physical and chemical environment 
in which soil organisms live. Tillage practices change soil water content, 
temperature, aeration and the degree of mixing of crop residues within 
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the soil matrix. These changes in the physical environment and food 
supply of organism affect different groups in different way. Most 
organism groups have greater abundance or biomass in no-tillage than in 
conventional tillage system. Larger organisms in general appear to be 
more sensitive to tillage operations than smaller organism, due to 
physical disruption of soil, burial of crop residue and the change in soil 
water and temperature resulting from residue incorporation (Kladivko, 
2001).  
 Apart from the obvious effect upon the larger animal, such as 
rodents, there are frequently marked declines in the activity of the 
mesofauna and some of the Microfauna. In the case of mesofauna 
several factors are involved in these effects. Tillage may directly injure 
the animal and thus, decimate their population. The loss of soil organic 
matter associated with tillage reduces the food base for the organisms.  
 In addition, for the structural changes induced by tillage may 
increase desiccation through improving drainage and also increase the 
mobility of organisms, making some species more available to their 
predators, there is some evidence that tillage of pastureland (and 
subsequent reseeding) is associated with increased population of many 
organisms (Briggs and Courtney, 1985).        
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CHAPTER THREE 
MATERIAL AND METHODS 
 
3.1. Location: 
 The field was located at El-Gunied Sugar Cane Factory on the 
eastern bank of the Blue Nile, covering an area of about 15500 ha. The 
area is confined between latitude N (14º 48 َ– 15º) and longitude S (33º 
16 َ - 33º 22)َ. Characteristics of the soil in El-Gunied area is classified as 
Suleimi series which is Typic chromustert.     
3.2. Study area: 
 This study was carried out in March 2002 to determine the  long 
and short-term effects of conventional tillage on soil quality takening 
into consideration some chemical and physical properties in a sugar cane 
plantation. 
3.3. Climatic conditions: 
 The climate of the region is described as semi-arid with short-
rainy season mainly between July and September with hot summer.  
 Average annual rainfall is 266 mm. minimum and maximum 
annual temperature were 25º - 40º respectively. Relative humidity ranges 
between (27-60%).     
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3.4. Materials  
3.4.1. Tillage implements: 
 The sequence of tillage practices carried out for land preparation 
after the end of the crop cycle (i.e. ratoon) was as follows:  
1. Uprooting using Disc plow 36″.  
2. Heavy plowing using Disc harrow 36″ (cross-section).     
3. Harrowing with Disc harrow 24″ (2 times).    
4. Leveling by lazer plane or by conventional leveler.  
5. Ridging.  
6. Green Ridging.   
3.4.2. Treatments: 
 Three treatments were tested in this study as follows: 
1. Long term conventional tillage (LT).  
2. Short-term conventional tillage (ST).  
3. Native vegetation representing a grass land (NV).  
The treatments were arranged in a randomized complete block design 
(RCBD) with four replications.  
3.5. Methods: 
3.5.1. Soil sampling and preparation: 
 About 48 soil sample were collected from 12 profiles at different 
depths, as 10cm interval (0-10, 10-20, 20-30 and 30-40) in each region 
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(i.e. long and short term), soil samples were collected from four profiles 
determined randomly represent each region. Also, soil samples were 
collected from four profiles in an adjacent native vegetation.   
3.5.2. Infiltration rate measurements: 
 The infiltration rate was measured using the double ring 
inflometer-method developed by Michael (1978). Three representative 
sites according to treatments were selected for measuring this parameter.  
 The infiltrometer consists of two cylinders made of 2mm rolled 
steel. Each cylinder is 25cm high. The diameter of the inner cylinder 
from which the infiltration rate was measured was 30cm. the outer 
cylinder which acted as a buffer pond was 60cm in diameter.  
 The cylinders were carefully installed about 10cm deep in the soil. 
A plastic sheet was used to cover the soil surface confined by the inner 
cylinder before filling with a pre determined amount of water 
Q (cm3) = A (cm2) × h(cm)  
A = cross – sectional area of the inner cylinder.  
h = height of H2O level inside the inner cylinder. 
 Reading were taken every ten minutes interval (using a stop 
watch) until a constant infiltration rate was reached. Then the data was 
tabulated and the average infiltration rate in cmhr-1 was determined.           
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3.5.3. Soil bulk density determination: 
 The soil bulk density was determined by taking 16 soil samples 
were taken from each location (4 profiles) representing the depths (0-10, 
10-20, 20-30 and 30-40). The clods were weighed in the air and weighed 
again when immersed in water. The following formula was used for 
computing bulk density (Bd) of the soil.  
                                                    
 Wa-Ww     Wa-W    
Where: 
 Bd = Bulk density of soil (gm cm-1). 
 W = weight of soil sample in air before coating (gm). 
 Wa = weight of soil sample with wax coating (gm). 
 Ww = weight of soil sample with wax in water (gm). 
 Dw = density of water (gm cm-3). 
 Dc = density of paraffin wax (taken as 0.9 gm cm-3). 
3.5.4. Soil particle density determination: 
 Soil particle density was determined using oven-dry soil samples 
(2.00 mm) from  each horizon in the profiles (i.e. 0-10, 10-20, 20-30 and 
30-40) . 
It was determined in the laboratory as follows:   
A 100 ml graduated cylinder was filled with 50 ml (v1) of water. 
Immediately, 20 gm oven dry soil were added to the water inside the 
W 
–  
Bd = 
Dc Dw 
……………equation 3.1. 
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cylinder and left until all air bubbles stop. The volume of the soil plus 
water mixture was recorded (v2).  
 The difference between this volume and the initial volume of 50 
ml (i.e. v2 – v1) represents the displaced volume which equal to the 
volume of the soil particles.  
 Particle density (Pd) was calculated as given below:  
 
 Pd (gm cm–3) =   
 
3.5.5. Soil porosity: 
 Porosity can be defined as the ratio of the volume of pores (voids)  
to the total soil volume (i.e. voids + soil solids). Porosity is an index of 
the relative volume of pores. It is influenced by the textural and 
structural characteristic of the soil (Michael, 1978). The soil porosity 
was calculated by using the following equation:  
 
Porosity (%) =   1 –  
   
3.5.6. Particulate organic matter (POM): 
 Soil organic matter (SOM) can be fractionated by size, density or 
size / density. Size fractionation is a physical procedure that isolates 
(SOM) according to the various soil particles (clay, silt and sand).  
weight of soil particles (i.e. 20 gm) 
displaced volume (v2 – v1) cm3 
Bulk density (Bd)  
Particle density (Pd)
×100 
…equation 3.2. 
…equation 3.3. 
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 However, it is a simple procedure, which avoids the use of 
environmentally non-safe chemicals such as NaI, Na-polyungestate. Size 
fraction of SOM was carried out for the top soil (0-10cm).  
 The procedure was based on particle size distribution after soil 
dispersion with solution mixture of Na-hexa meta phosphate (Calgon) 
and Na-Carbonate (Vanlauwe et al. 1998).  
 In this procedure 100 ml of the dispersion solution was added to 
100 gm air dried soil (2mm sieve) placed in a 1 litre container and 200 
ml of distilled water was added to the suspension and shaken for 17 hrs 
in a reciprocal shaker. The sluray was sieved wet through a series of 
sieves (1, 0.5 and 0.05mm). 
 Organic matter fraction associated with sand particles (i.e. ≥ 
0.05mm) were separated by careful decantation. The fractions were 
removed from the sieve, washed with distilled water and collected in 
filter paper, dried at 65 – 70ºC, weighed and ground (0.5 mm). 
 The three organic matter fractions associated with the sand size 
particles (i.e. > 0.05) were mixed together (named as particulate organic 
matter (POM)) and the content of C and N were determined.       
3.5.7. Soil organic carbon (O.C):  
 Organic carbon was determined by the rapid dichrometo method 
using finely (0.5 mm) ground soil samples. 
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 The carbon was oxidized with 10 ml of 1N K2Cr2O7 added to 1.0 g  
air dry soil in 500 ml wide-mouth conical flask. The flask was gently 
swirled to disperse the soil in the solution to haste oxidation. 20 ml of 
concentrated H2SO4 were carefully added to the mixture, swirled for one 
minute and the flask was allowed to stand for about 30 minutes. After 
that 200 ml of distilled water was added to the mixture.  
 Organic carbon was determined by back titrating the excess 
K2Cr2O7 with ferrous. ammonium sulfate (0.5 N) by adding 5 ml of conc. 
H3PO4 using 3 to 4 drops of ortho-phenol indicator. As the end point is 
approached, the solution taskes on a greenish cast and then changes to 
dark green (Nelson and Sommer, 1982).  
Values were multiplied by a correlation factor of 1.3, to correct for 
incomplete oxidation.       
3.5.8. Total nitrogen content: 
 Total nitrogen (TN) was determined by the salicylic acid – 
thiosulfate modification of Kjeldahl method to include nitrate and nitrite 
described by (Bermner and Mulvaney, 1982).  
 A sample of hundred gm from finely ground (0.5mm) air dry soil 
was placed in a microjeldahl digestion flask. To the sample, 5 ml of 
salicylic acid – sulfuric acids mixture was added and swirled and left 
over night. Then 0.5g of sodium thiosulfate pentahydrate was added 
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through a funnel and the content was digested at 150ºC until forthing has 
ceased. 
 To the mixture K2SO4 catalyst was added and digestion was 
continued at 350–400ºC until the solution was clear. The precipitated 
(NH4)2SO4 was dissolved in 100 ml.  
 Ammonia was distillated by using 40% NaOH and trapped into a 
2% Boric acid (H3BO4). The content of N was determined by Titration 
vs 0.1 NHCl.     
3.6. Statistical analysis: 
 All statistical analysis were performed using procedures of 
Statistical Analysis System (SAS-1985). Differences between treatments 
were separated using the Least Significant  Method (LSD at P ≤ 0.05).    
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CHAPTER FOUR 
RESULTS AND DISCUSIONS 
 
4.1. Effect of Tillage on Vertisol Physical Properties:  
4.1.1. Soil Organic Matter Size Fraction: 
 Dry matter weight of SOM associated with the various size 
fractions (i.e. 1.0mm, 0.5 ed 0.05mm) are presented in Table 4.1. 
(Appendix B table 1) The total SOM (particulate SOM, POM) are 
illustrated in Fig. 4.1.  
 Results showed that weight of SOM collected in 1mm sieve size 
in the short term tillage treatment (ST)(1.387 gkg-1) was significantly (P 
< 0.02) higher than that collected in long tillage (LT) and native 
vegetation (NV).(0.4428 gkg-1), (0.3163 gkg-1), by about 68% and 77% 
respectively. Statistical analysis showed that DM collected from the LT 
and NV were not significantly different (Table 4.1). 
 The fractions collected in the subsequent sieve (0.5 mm)(Table 
4.1) revealed that DM content of the fractions in LT (1.016 gkg-1) was 
83% and 70% higher than that collected from the NV (0.1725 gkg-1) and 
ST (0.309 gkg-1), respectively, though statistically not different. 
Moreover, those collected from ST was 44% higher than that collected 
from NV. In the lower most sieve (0.05mm), the dry weight of some 
fraction in LT (6.703 gkg-1) and ST (4.918 gkg-1) were not significantly 
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different, thought, LT was more than ST by about 27%. However, DM 
of SOM fraction collected in NV (1.64 gkg-1) was significantly (P < 
0.05) lower than in LT and ST. They were almost thrice and twice than 
in NV, respectively. This variability of weight of POM, as shown in 
Table 4.1 through those different of sieves (1, 0.5 and 0.05 mm) is due to 
high level of coefficient of variance (CV%) recorded among treatments. 
This work was done in the field manually and not well precized.  
 Most of SOM fractions accumulated in the small size fraction 
(0.05). The results was found to be similar to Mubarak (2001) who  
found results very closed, also it is in line with Aifa et al. (1997) it 
observed that decomposing plant residues rapidly accumulate in the fine 
soil fractions. Total weigh of particulate organic matter (i.e. > 0.05 mm) 
(POM) is illustrated in (Fig. 4.1, Appendix B table 1). 
 The results showed that there were no significant difference in 
DM weight of POM between LT (9.561 gkg-1) and ST (6.739 gkg-1), 
though the DM weight of POM in LT was higher than that in ST by 
about 29%. Particulate organic matter collected in NV (2.129 gkg-1) was 
significantly (P < 0.01) lower than in both LT and ST. This may be due 
to presents of ratoons with sugarcane soil for 4 – 5 years continuously.  
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Table (4.1): Dry matter weight (gkg-1) of SOM size fractions as  
                   influenced by tillage  
Treatment Sieve size (mm) 
 1 0.5 0.05 
Long – term (LT) 0.4428b 1.016a 6.703a 
Short – term (ST) 1.387a 0.309a 4.918a 
Native vegetation (NV) 0.3163b 0.1725a 1.64b 
 
 
Note: mean in column, followed by the same letter are not significantly different by least  
significant difference (LSD).  
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Fig. 4.1. Total POM, POM N and POM C in long, short and native vegitation (NV) 
as influenced by tillage.
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This result is in line with the findings of Whitehead et al., (1975) were 
reported SOM Light Fraction amount of 0.4 and 5.4% of soil weight in 
cultivated and in permanent soil, respectively. 
 Nitrogen content of POM is illustrated in Fig. 4.1. (Appendix B 
table 1). It was observed that N content of POM collected from LT (11.5 
gkg-1) was not significantly varied from that found in ST (10.93 gkg-1). 
They were both significantly (P < 0.05) higher than that of NV (8.8 gkg-
1) by about 23% and 19%, respectively. This could possibly be attributed 
to annual addition of nitrogen fertilizer to the crop.  
 Nitrogen fertilizer is another management practice that may 
increase soil organic carbon content by increasing input of plant residues 
in soil.  
 These results agreed with the findings of Albrecht et al. (2000) 
who reported that N fertilizer increased the amount of light fraction (LF) 
soil organic matter.  
 The content of C in POM is illustrated in Fig. 4.1. Results showed 
that there were no significant difference observed between treatments. 
Carbon of POM collected from LT, ST and NV were found to be 64.67 
gkg-1, 43.39 gkg-1 and 63.75gkg-1, respectively (Appendix B table 1).                         
4.1.2. Bulk Density: 
 Soil bulk density (Bd) in the different depths (0-10, 10-20, 20-30 
and 30-40cm) as influenced by tillage is given in Fig. 4.2. Appendix B 
tables 2, 3, 4 and 5) respectively. In almost all depths, Bd was not 
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significantly influenced by tillage. However, in the subsoil (10-20cm), 
Bd of LT (1.525 gmcm-3) was significantly (P < 0.05) lower than both of 
ST (1.825 gmcm-3) and NV (1.703 gmcm-3). Soil Bd reported in the 0–
10, 10-20, 20-30 and 30-40cm soil depths of the profile under LT were, 
1.33, 1.525, 1.5 and 1.5 gmcm-3 respectively. Similar values under ST 
were 1.5, 1.825, 1.75 and 1.78 gmcm-3. The respective values under NV 
were 1.4, 1.723, 1.8 and 1.5 gmcm-3. Bulk density in LT (0-10cm soil 
depth) was less than that in ST and NV by about 13% and 5% 
respectively, also in (20-30cm soil depth) the Bd in NV is higher than in 
LT and ST by 17% and 3% respectively. In the lower depth (30-40cm) 
ST is higher than that in LT and NV by about 16% for each one.  
It is obviously that generally tillage had no clear positive effect on 
soil Bd. In the clay of Sudan, Saeed and Yousif (2002) reported no effect 
of tillage on soil Bd. Also similar results were observed by Ismail et al. 
(1994) who found no significant Bd differences between no-till and 
moldboard plouing.  
 Bd from LT was significantly lower than both ST and NV. This 
may be due to pulverization and disturbance of the soil, resulting in 
increase of volume of soil and consequently Bd is decreased. This is in 
line with Al tahan et al., (1992)  
 
 56
Fig. 4.2. Bulk density in the 0-10cm, 10-20cm 20-30cm and 30-40cm in long, short and native 
vegitation (NV) as influenced by tillage.
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4.1.3. Soil Porosity: 
 Generally, the study showed that porosity was not significantly 
affected by tillage as illustrated in Fig. 4.3. However, in all soil depths, 
LT reported higher soil porosity. Values of soil porosity in the 0-10, 10-
20, 20-30 and 30-40cm soil depths were found to be 34%, 21%, 27% and 
19% respectively. Corresponding values under ST were 30%, 14%, 11% 
and 9%, respectively. Respective values under NV were 25%, 15%, 23% 
and 20%. This may be attributed to increase in soil macroporosity, 
resulting from loosening of soil by tillage. This is in line with that 
obtained by Osman (1971) which was attributed this positive increase in 
total porosity with cultivation due to the breakage of the soil into finer 
particles. Moreover, Hill et al., (1985) observed that tillage loosens the 
soil and decreases soil bulk density by increasing macroporosity.       
4.1.4. Infiltration Rate (IR): 
 Results of infiltration rate showed that, under NV the IR (5.7 
cmhr-1) was near to that determined under LT (5.3 cmhr-1). However, 
under ST (9.6 cmhr-1), it was found to be 76% higher than the average 
values of under NV and LT. Increase in  IR  with  tillage  was  reported  
in  former studies by (Hill et al., 1985; and Ehlers, W. 1977). This could 
possibly be attributed to the loosening effect of tillage, which encourage 
infiltration by providing a surface zone containing larger pores which 
can accept and transport water more rapidly.  
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Fig. 4.3. Total soil porosity in the 0-10cm, 10-20cm 20-30cm and 30-40cm in long, short 
and native vegitation (NV) as influenced by tillage.
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 Earlier findings by Trouse, (1965) observed that cultivation of 
ratoons field of sugarcane was essential to restore good tills to soils that 
were compacted during the harvesting operations and hence increased 
the infiltration capacity.  
4.2. Effect of Tillage on Vertisol Chemical Properties:  
4.2.1. Total Nitrogen (TN): 
 Total N content in the 0-10, 10-20, 20-30 and 30-40 cm soil 
depths under LT, ST and NV was illustrated in (Fig. 4.4. Appendix B 
tables 2, 3, 4 and 5).  
 Only in the subsoil (10-20cm), TN content under LT (0.455 gkg-1) 
was significantly (P < 0.05) higher than that under ST (0.333 gkg-1) and 
NV (0.2625 gkg-1). In the top soil 0-10, 20-30 and 30-40 cm soil depth of 
LT, the TN content was found to be 0.357gkg-1, 0.349gkg-1 and 0.237 
gkg-1 respectively. Corresponding values under ST were 0.288 gkg-1, 
0.245gkg-1 and 0.2275gkg-1, respectively. Under NV the values of TN 
were 0.446 gkg-1, 0.294 gkg-1 and 0.189 gkg-1, respectively.  
 It could be observed that, the top soil was inverted and 
incorporated into the subsoil (10-20cm). Most important, is the content 
of TN in the top soil. Though statistically there was no significant 
difference in the top soil, the TN content under NV was slightly higher 
than that under LT and ST. This reduction in TN amount in soil under 
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sugarcane cultivation may be due to burning of crop residues during 
harvesting. This confirms the findings of Raison et al., (1985) stating 
significant N losses from residues which occur during burning by high 
temperature volatilization. 
 In the 10-20cm soil depth, significantly higher TN in tillage soil 
compared to NV explained N (in form of crop residue i.e. organic N or 
fertilizers) was incorporated in the subsoil. Soil mineral nitrogen levels 
under no-tillage are generally lower than those in conventional tillage 
soil due to lower rate of nitrogen mineralization rate (Sarrantonio and 
Scott, 1985). This study is in line with the Randall and Iraragavapa 
results (1995) which indicate that, soil water leachates contain high NO3 
concentrations.  
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Fig. 4.4. Total nitrogen in the 0-10cm, 10-20cm 20-30cm and 30-40cm in long, short and native 
vegitation (NV) as influenced by tillage.
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4.2.2. Organic Carbon Content (OC): 
 With the exception of the 20-30 cm soil depth, soil OC content 
showed no significant change (Fig. 4.5) organic carbon contents of the 
depth 0-10, 10-20 and 30-40 cm under NV were to be 3.9 gkg-1, 1.95 
gkg-1 and 2.438 gkg-1, respectively, corresponding values under ST were 
3.413 gkg-1, 3.06 gkg-1 and 2.681 gkg-1, respectively. Those values under 
LT were 4.387gkg-1, 3.9gkg-1 and 3.9gkg-1, respectively (Appendix B 
tables 2, 3, 4 and 5).  
 In the 20-30cm soil depth, OC content under NV (4.875 gkg-1) is 
significantly (P < 0.05) higher than that under LT (2.195 gkg-1) and ST 
(1.706 gkg-1) by about 55% and 65% respectively. Organic carbon 
content. In the 20-30 cm soil depth OC contents was significantly higher 
under NV. This may be attributed to intensive grass root in this depth. 
This is in line with Albrecht et al., (2000) finding which states that 
continuous grass land has greater accumulated SOM than does cultivated 
soil.  
It seemed that total OC under LT and ST in the 10-20 cm (subsoil) 
was slightly higher than that under NV indicating inversion of the topsoil 
into the lower soil depth. 
 This is in line with Doran results (1980) stated that OC within 2nd 
7.5-15cm under conversional plowing was 18% higher than that under 
no-tillage. 
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Fig. 4.5. Organic carbon in the 0-10cm, 10-20cm 20-30cm and 30-40cm in long, short 
and native vegitation (NV) as influenced by tillage.
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CHAPTER FIVE 
CONCLUSIONS AND RECOMMENDATION 
5.1. Conclusions:  
From the results of this study the following conclution can be drown. 
1. Most of the soil organic matter fractions accumulated in the 
small size fractions (0.05mm). 
2. The weight of particulate organic matter associated with sand 
particles in long tillage and short tillage was significantly (P ≤ 
0.05) higher than that in native vegetation.  
3. Nitrogen content of particulate organic matter in long term 
tillage and short term tillage were significantly (P ≤ 0.05) 
higher than in native vegetation and content of carbon in 
particulate organic matter was not affected by tillage. 
4. Generally, tillage had no clear effect on soil bulk density. 
However, bulk density of long term tillage in subsoil (10 – 20 
cm) was significantly  (P ≤ 0.05) lower than both short term 
tillage and native vegetation.  
5. Tillage did not significantly affected porosity. 
6. Tillage increased infiltration rate compared to native 
vegetation.         
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7. Long – term tillage seemed in sugar cane plantation add more 
organic matter that resulted in higher content of nitrogen.  
8. In the (20 – 30 cm) soil depth organic carbon content under 
native vegetation are significantly (P ≤ 0.05) higher than that 
under long term tillage and short term tillage.  
5.2. Recommendations:  
From the conclutionsof this study the following  recommendations can 
be drown. 
1. More detailed study is recommended to investigate the effect 
of various methods and depth of tillage on soil physical and 
chemical properties. 
2. Study of cost–benefits analysis of the different tillage methods 
is recommended. 
3. Application of conservation tillage practices is recommended 
compared to conventional tillage.    
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APPENDIX (A) 
Table 1. Weight of particulate organic matter associated with sand size 
fractions (POM) in sieves sizes (1, 0.5, 0.05 mm) as influenced by tillage 
in long, short and NV-term. 
O.M.  
G kg-1 
O.M 
g kg-1 
O.M 
g kg-1 
POM POM 
Treatments Replicate 
1mm 0.5mm 0.05mm Total  N  g kg-1  O.C g kg-1  
R1 0.320 1.439 3.701 5.460 14.7 86.0 
R2 1.000 0.600 6.521 8.130 9.8 59.0 
R3 0.301 1.016 6.290 13.191 10.5 49.0 
Long  
R4 0.150 1.010 10.301 11.461 11.67 64.67 
R1 1.410 0.051 4.841 6.302 14.0 51.0 
R2 1.411 0.620 3.019 5.550 8.68 36.4 
R3 1.290 0.325 4.810 6.625 11.2 43.4 
Short  
R4 1.437 0.040 7.000 8.477 9.8 40.8 
R1 0.200 0.300 1.600 2.100 9.8 48.0 
R2 0.140 0.230 1.630 2.000 7.7 78.0 
R3 0.200 0.010 1.850 2.060 8.8 49.0 
NV 
R4 0.725 0.150 1.481 2.356 8.77 80.0 
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APPENDIX (A) 
Table 2. Weight of TN, OC, Bd and total porosity % as influenced by tillage in 
long, short and Native Vegetation term in soil depth 0 – 10 cm. 
T.N O.C Bd 
Treatments Replicate 
g kg-1  g kg-1 gm km3 
Total porosity 
R1 0.476 5.85 1.5 25 
R2 0.266 1.95 1.4 32.7 
R3 0.448 3.9 1.1 45 
Long  
R4 0.238 5.85 1.33 34.4 
R1 0.322 5.85 1.9 5 
R2 0.380 3.9 1.1 50 
R3 0.266 1.95 1.5 40 
Short  
R4 0.182 1.95 1.5 30 
R1 0.640 3.9 1.7 15 
R2 0.252 3.9 1.1 35.3 
R3 0.640 3.9 1.7 15 
NV 
R4 0.252 3.9 1.4 25.2 
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APPENDIX (A) 
Table 3. Weight of TN, OC, Bd and total porosity % as influenced by tillage in 
long, short and Native Vegetation term in soil depth 10 – 20 cm. 
T.N O.C Bd 
Treatments Replicate 
g kg-1  g kg-1 gm km3 
Total porosity 
R1 0.49 3.9 1.7 15 
R2 0.42 5.85 1.6 20 
R3 0.49 3.9 1.3 23.53 
Long  
R4 0.42 4.55 1.56 22.1 
R1 0.364 1.95 1.8 10 
R2 0.336 2.5 2.0 9.1 
R3 0.252 3.9 1.7 29.17 
Short  
R4 0.38 3.9 1.73 14.57 
R1 0.21 1.95 1.56 22.0 
R2 0.28 1.95 1.935 3.3 
R3 0.28 1.95 1.74 13.0 
NV 
R4 0.28 1.95 1.56 2138 
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APPENDIX (A) 
Table 4. Weight of TN, OC, Bd and total porosity % as influenced by tillage in 
long, short and Native Vegetation term in soil depth 20 – 30 cm. 
T.N O.C Bd 
Treatments Replicate 
g kg-1  g kg-1 gm km3 
Total porosity 
R1 0.364 1.95 1.7 15 
R2 0.380 1.95 1.7 17.9 
R3 0.336 2.93 1.3 35 
Long  
R4 0.280 1.95 1.59 27.23 
R1 0.280 0.957 2.0 9.1 
R2 0.252 1.95 1.7 15 
R3 0.225 1.95 1.7 10.53 
Short  
R4 0.224 1.95 1.58 11.44 
R1 0.210 5.85 1.5 31.8 
R2 0.378 3.9 2.1 16 
R3 0.210 5.85 1.5 31.8 
NV 
R4 0.378 3.9 1.9 23.9 
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Table 5. Weight of TN, OC, Bd and total porosity % as influenced by tillage in 
long, short and Native Vegetation term in soil depth 30 – 40 cm. 
T.N O.C Bd 
Treatments Replicate 
g kg-1  g kg-1 gm km3 
Total porosity 
R1 0.360 3.9 1.7 5.6 
R2 0.182 3.90 1.6 5.9 
R3 0.154 5.85 1.6 20 
Long  
R4 0.252 1.95 1.59 19.13 
R1 0.182 1.95 1.9 5 
R2 0.224 1.95 1.8 10 
R3 0.252 0.975 1.8 10 
Short  
R4 0.252 5.85 1.78 9.25 
R1 0.210 3.9 1.9 5 
R2 0.168 0.975 1.1 35.3 
R3 0.210 3.9 1.9 5 
NV 
R4 0.168 0.975 1.5 20.15 
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APPENDIX (A) 
Table 6. Particulate density gm/cm3 in (0 – 10, 10 – 20, 20 – 30, 30 – 40 cm) 
soil depth as influenced by tillage in long, short and Native Vegetation 
terms. 
0 – 10  10 – 20  20 – 30 30 – 40  
Treatments Replicate 
g kg-1  g kg-1 gm km3  
R1 2.0 2.0 2.0 1.8 
R2 2.02 2.0 2.07 1.7 
R3 2.0 1.7 2.0 2.0 
Long  
R4 2.0 2.0 2.20 2.0 
R1 2.0 2.0 2.2 2.0 
R2 2.2 2.2 2.0 2.0 
R3 2.5 2.4 1.9 2.0 
Short  
R4 2.15 2.0 2.0 2.0 
R1 2.0 2.0 2.2 2.0 
R2 1.7 2.0 2.5 1.7 
R3 2.0 2.0 2.2 2.0 
NV 
R4 1.87 2.0 2.5 2.0 
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APPENDIX (B) 
Table 1. Effect of tillage on particulate organic matter (POM)  
Treatment 1mm 0.5 mm 0.05 mm Total POM N POM C 
Long  0.4428b 1.016a 6.703a 9.561a 11.493a 64.67a 
Short  1.387a 0.309a 4.918a 6.739a 10.925a 43.38a 
NV  0.3163b 0.1725a 1.64b 2.129b 8.768b 63.75a 
CV%  42 64 36 31 8 25.9 
R-seq 0.84 0.73 0.82 0.85 0.89 0.55 
MSE+ 0.091 0.103 2.55 3.66 0.8 220 
LSD  0.523 NS 2.76 3.31 1.55 NS 
Probability  0.02 NS 0.03 0.01 0.007 0.9 
Abstract from appendix (A) 
 
APPENDIX (B) 
Table 2. Effect of tillage on TN, OC, Bd and Porosity (at depth 0-10cm)   
Treatment TN OC Bd Porosity 
Long  0.357a 4.387a 1.33a 34.43a 
Short  0.288a 3.413a 1.5a 30.0a 
NV  0.446a 3.9a 1.4a 25.15a 
CV%  32 38 16.9 38.4 
R-seq 0.69 0.42 0.59 0.59 
MSE+ 0.014 2.2 0.056 131.21 
LSD  NS NS NS NS 
Probability  - - 0.26 0.26 
Abstract from appendix (A) 
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Table 3.Effect of tillage on TN, OC, Bd and Porosity (at depth 10-20cm)   
Treatment TN OC Bd Porosity 
Long  0.455a 3.9a 1.525b 20.88a 
Short  0.333b 3.06a 1.825a 14.57a 
NV  0.2625b 1.95a 1.723a 15.2a 
CV%  15.5 40.9 7.6 42.5 
R-seq 0.81 0.51 0.75 0.43 
MSE+ 0.002 1.47 0.017 51.43 
LSD  0.0938 - 0.223 NS 
Probability  0.03 NS 0.07 0.53 
Abstract from appendix (A) 
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Table 4.Effect of tillage on TN, OC, Bd and Porosity (at depth 20-30cm)   
Treatment TN OC Bd Porosity 
Long  0.349a 2.195b 1.5a 27.23a 
Short  0.245a 1.706b 1.75a 11.44a 
NV  0.294a 4.875a 1.8a 23.9a 
CV%  22.9 25.5 15.69 47.8 
R-seq 0.52 0.88 0.47 0.54 
MSE+ 0.004 0.55 0.07 99.2 
LSD  NS 1.2886 NS NS 
Probability  NS 0.009 0.46 0.33 
Abstract from appendix (A) 
 86
 
 
 
 
 
 
 
APPENDIX (B) 
Table 5.Effect of tillage on TN, OC, Bd and Porosity (at depth 30-40cm)   
Treatment TN OC Bd Porosity 
Long  0.237a 3.9a 1.5a 19.13a 
Short  0.2275a 2.681a 1.78a 9.25a 
NV  0.189a 2.438a 1.5a 20.15a 
CV%  29.3 71 14.0 76.1 
R-seq 0.31 0.21 0.73 0.60 
MSE+ 0.009 4.57 0.05 151.6 
LSD  NS NS NS NS 
Probability  NS NS 0.09 0.25 
Abstract from appendix (A) 
 
